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•  Future  trends 

•  Summary 


Technology-development  motivators  are 
regulatory,  economic,  and  social 
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Environmental  consciousness 
Health  risks 


The  CAAA  1990  contains  three  titles  closely 

related  to  NTPs 
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Regulations  for  engine  test  facilities  are 
changing  under  CAAA  1990  10-yr  provisions 
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.  Consequently,  new  emissions-control  technologies  are  being 
explored. 

- — - Los  Alamos  - 


Non-thermal  plasmas  (NTPs)  are  a  type  of  advanced 
oxidation  &  reduction  process  which  use  free  radicals  to 
decompose  pollutants  in  the  aas  chase. 
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mineralized  terminal  products).  pollutant  species 

•  Electronic  feedback  for  optimal 
_ _ _ _ _ _ process  control. _ 

- - - - - - Los  Alamos  — 


Non-thermal  Plasmas  Decompose  Pollutants 
Via  Active  Species  Generated  in  the  Process  Gas 
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The  radical  production  efficiency  (G-value)  depends 
on  the  gaseous  electronics/plasma  chemistry. 
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Krad  is  tne  rate  constant  tor  radical  formation  (e.g.,  a  dissociation 
rate  constant,  which  depends  on  E/N),  and/or  other  rate 
constants. 

- - - Los  Alamos  - 


The  overall  process  efficiency  can  be  effectively 
separated  into  two  terms:  the  radical  production 
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electron  channel  dominates.)  HCI  +  NaOH  ->  NaCI  +  H20 

_ C0CI2  +  H20->  2HCI  +  C02 


Major  de-NOx  Reactions  in  Moist  Gas  Mixtures  w/o  HCs 

O  +  NO  +  M  ->  N02  +  M  N(2D)  +  H20  NH  +  OH 
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The  presence  of  S02  recycles  OH  radicals  &  reduces 
effective  de-NOx  energy  cost 
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With  ammonia  (NH3)  addition,  useful  particulates 
(fertilizer)  can  be  formed  from  NOx 
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A  generalized  removal  equation  depends  on  plasma 
chemistry  (radical  yields),  reaction  chemistry,  and 
applied  plasma  specific  enerav. 
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Example  scaling  laws  for  pollutant  removal 
(non-sensitive  [X]0  dependence) 
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This  is  the  instantaneous  energy  cost  per  molecule  removed. 


Scaling  laws  for  pollutant  removal  (cont’d) 
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Scaling  laws  for  pollutant  removal  (graphical  forms) 
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Energy  costs  and  degree  of  removal  for  NO  removal  in  an  NO-air  mixture  with  one  e-fold  plasma 
specific  energies  of  50  J/liter  and  20  J/liter.  NO  is  a  compound  whose  |3-value  is  not  very  sensitive 
to  the  initial  concentration;  therefore,  the  removal  energy  costs  decrease  as  the  concentration 

increases  (note  200  ppm  case  vs  100  ppm  case). 
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NTP  pilot-unit  setup  for  de-NOx  field  tests 
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NTP  de-NOx  System  Examples 
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Pulsed  Corona  System 
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Dielectric-Barrier  (Silent  Discharge)  System 


Electron-Beam  System 
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Corona  Radical  Shower  System 
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particulates  are  then  captured  by  the  electrostatic  precipitator.  Some  of  the  captured 
products  are  useful  for  agricultural  fertilizer  (e.g.,  ammonium  nitrate,  NH4N03). 


Corona  Radical  Shower  (CRS)  Lab-Scale  Prototype 

at  McMaster  University 
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We  have  provided  economic  analyses  for  three 
hybrid  NTP  systems  compared  to  conventional 
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Example:  N0X- removal  power  requirement  depends 
on  exhaust  gas  flow  rate,  characteristic  specific 
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Benchmarking  Basis/Examples  for  Economic  Analyses 
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1)  Haythornthwaite  et  al  1997,  2)  Matsuoka  et  al  1997  (simulated  JETC  exhaust),  3)  Ebara  Co. 
1998,  4)  EPRI  1983,  JMIA-EEI  1991. 


Cost  comparisons  for  various  de-NOx  systems 
(70%  de-NOx,  108  h/wk  operation) 


v> 


Labors  Maintenance  218  246  377  273  273 

Electric  Power  99  116  77  123  83 

Chemicals  S  Utilities  6  6  6  1,291  1,192 

Total  Annual  Cost  .  664  774  1,176  1,723  1,651 

Fertilizer  Recovery  4  4  4  0  0 


Cost  comparisons  for  various  de-NOx  systems  (cont’d.) 

(70%  de-NOx,  108  h/wk  operation) 
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Other  workers  have  evaluated  two  additional  NTP 
de-NOx  &  de-SOx/NOx  systems 
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Cost  data  for 

Havthornthwaite  et  al  1997 
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Future  trends 
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Better  control  of  final  products  and/or  process 
Unique  process  streams 
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operating  experience  to  more  fully  evaluate  economic  and 
performance  projections. 


